Introduction
The unusual meteorological conditions during the austral winter of 2002 provide a scenario that, in some sense, lies between a typical
Arctic and a typical Antarctic winter. Hoppel et al. [2003] and Allen et al. [2003] provide a description of ozone loss and unusual transport and mixing during the 2002 winter/spring.
Here in this paper we present in more detail the evolution of ozone during the unusual winter of 2002. We use total ozone observations from GOME, together with calculations from a chemical transport model (CTM) . CTMs have proved to be powerful tools to interprete total ozone observations, in particular to estimate the relative in uence of chemistry and transport [Lef evre et al., 1998; Chipper eld and Jones, 1999; Sinnhuber et al., 2000] .
Measurements and Model
The Global Ozone Monitoring Experiment (GOME) onboard the ERS-2 satellite [Burrows et al., 1999] observes back-scattered radiation in nadir viewing geometry in the UV and visible wavelength ranges. In this study total ozone is used from the GOME Data Processor version 2.7 data. See Weber et al. [2003] for more details on the GOME data.
Our CTM is forced by temperatures and wind elds from analyses of the United Kingdom Met Of ce (MO) [Swinbank and O'Neill, 1994] . The model uses isentropic levels as vertical coordinates.
Transport on isentropes is calculated from MO wind elds. V ertical transport is derived from interactively calculated diabatic heating rates using the MIDRAD scheme [Shine, 1987; Shine and Rickaby, 1989] . Advection is calculated by using the second order moments scheme of Prather [1989] . The model runs presented in this paper use 24 isentropic levels between 330 and 3000 K (about 10 to 55 km) with a horizontal resolution of 2.5
• lat.×3.75
• lon. The calculation of transport in this model is thus very similar to the SLIMCA T model [Chipper eld, 1999] .
For this study the only advected tracer in the model is ozone.
Photochemical ozone changes are calculated by a simple linearized chemistry (Linoz), using the parameterization of McLinden et al. These model runs were performed without polar chemistry, allowing us to estimate the impact of interannual differences in transport on total ozone during Antarctic winter.
Meteorology
One of the most striking events during the winter of 2002 was the occurrence of a major mid-winter warming at the end of September. Such a warming has not been observed during the previous two decades for which large scale observations are available.
Meteorological analyses from the MO show a decrease of the zonal mean zonal wind at 46 hPa starting after September 17, followed by a decrease of the zonal mean zonal wind at 10 hPa a few days later. The zonal mean zonal wind at 60
• S reversed at 10 hPa (from westerly to easterly) after September 24. The reversal of the zonal mean zonal wind at 10 hPa is often used together with the observed reversal of the poleward zonal mean temperature gradient as a criterion for a`major warming'. A weak westerly circulation at 10 hPa was reestablished during early October. The major stratospheric warming was accompanied by a large wave activity around 100 hPa. After September 17, 2002 the southward heat ux at 100 hPa strongly increased and reached an extreme value on September 22, much larger than any previously observed value (Figure 2 ). This anomalous heat ux at 100 hPa was then followed by the major warming throughout the lower and middle stratosphere a few days later.
Although this large wave event at 100 hPa may have triggered the major warming at the end of September, it is, however, clear that the stratosphere was already unusually disturbed much earlier in this winter, as seen, e.g., in the set of minor warmings at 10 hPa during August 2002.
Total ozone
A comparison between GOME total ozone observations and results from the CTM is shown in Figure 3 for selected days during that total ozone at the end of August was about 40 to 50 DU higher in 2002 than during the previous winters ( Figure 5 ). As these model runs do not include a representation of polar chemistry, this demonstrates that this increase is due to anomalies in transport of ozone. Therefore we would like to emphasize that the increase of Antarctic total ozone during winter and spring 2002 compared to previous winters was a result of abnormal meteorological conditions during this winter. The situation during this winter must not be considered as evidence for a recovery of Antarctic ozone.
In agreement with our current understanding of polar ozone chemistry, the Antarctic stratosphere will continue to be prone to substantial ozone depletion as long as the stratospheric halogen loading remains high.
